Abstract Accurate HCV knowledge is lacking among high-risk groups, including people with HIV/AIDS (PLWHA). Liver disease primarily due to HCV has emerged as a serious cause of mortality among PLWHA. We used an Interrupted Time Series design to evaluate a social-ecologically based intervention for PLWHA, where an infectious disease clinic serving a six-county intervention area was monitored before (7 months) and after (17 months) intervention onset. The intervention included education of PLWHA and medical providers, HIV/HCV support groups, and adaptation of the patient chart top sheet to include HCV test information. Clinic-level outcomes were assessed prospectively every other week for 2 years by interviewing patients (n = 259) with clinic appointments on assessment days. Abrupt, gradual and delayed intervention effects were tested. Weighted regression analyses showed higher average HCV knowledge and a higher prevalence of patients reporting HCV discussion with their medical providers after intervention onset. A delayed effect was found for HCV awareness, and a gradually increasing effect was found for knowing one's HCV status. Other communities may consider adopting this intervention. Additional HCV interventions for PLWHA with HIV are needed.
Introduction
The identification and treatment of people with multiple diseases, especially stigmatized diseases, can be difficult. Yet co-morbidities are common, especially when diseases share routes of transmission. Such is the case for HIV and chronic hepatitis C virus (HCV) infection, which represents a serious and difficult public health challenge. HIV/AIDS is estimated to affect 1.1 million people in the United States (US) [1] , with approximately 56,000 new HIV infections occurring annually [2] . The virus HIV is found in blood, semen, and vaginal secretions and is primarily transmitted through sexual activity, followed by shared needle use [3] . HCV infection is estimated to affect 3.2 million people in the US [4] . As a blood-borne virus, HCV is transmitted largely through shared needle use, with 48.4% of HCV-positive persons in the National Health and Nutrition Examination Survey (NHANES) study with a history of injection drug use [4] . Sexual transmission among monogamous heterosexual couples appears to be low [5] , but NHANES did show an increased risk of HCV among persons with 10 or more lifetime sexual partners [4] . The impact of HIV on transmission of HCV among heterosexual couples is an area of controversy, but an increased risk of HCV transmission appears to be present for men who have sex with men with no other identifiable risk factor except unsafe sex [6] . Arguably, HCV's most serious effect on health is as a major cause of advanced liver disease, including cirrhosis and hepatocellular carcinoma, and HCV is the most common indication for liver transplantation in the United States [7] . HCV infection prevalence among people living with HIV/AIDS (PLWHA) is estimated to be 33% in Europe [8] and 16-35% in the US [9] [10] [11] , compared to 1.6% in the US general population [4] .
Among people living with HIV/AIDS (PLWHA), liver disease, largely caused by HCV, is a leading cause of death [12] . Mortality from opportunistic infections has dramatically decreased due to use of highly active antiretroviral therapy [13] . As a result, PLWHA are living longer, are less likely to die from HIV-related co-morbidities, and are thus more likely to die from HCV-related end-stage liver disease. Mortality rates for PLWHA due to end-stage liver disease and related to HCV-associated cirrhosis are rising [11] . Death rates related to liver disease are higher for persons with HIV-HCV co-infection compared to those with HIV only [8] , because HIV and HCV interact such that HIV infection spurs increased HCV-RNA serum levels [14, 15] and faster progression to cirrhosis [16, 17] , liver failure [18] , and hepatocellular carcinoma [19] . In France in 2003, end-stage liver disease infection was the leading cause of death among PLWHA [20] . In a large sample of HIV-infected patients in North America and Europe, liver disease was the second leading cause of death, behind HIV but ahead of cardiovascular disease [12] .
Public health options to decrease liver disease among PLWHA include HCV education focused on HCV prevention and treatment; identifying HIV-HCV co-infection through testing efforts; needle exchange and other harm reduction efforts for persons who use substances; and increasing access to HCV antiviral treatment for co-infected persons. The extent to which people in the US are aware of chronic HCV is unclear. Several non-profit organizations exist that seek to improve HCV awareness in both the general population and at risk groups. For example, the National Hepatitis C Coalition, Inc. (http://national hepatitis-c.org/) is devoted to educating the public on HCV and supporting patients living with HCV. The Hep-C Outreach Project (http://www.hcop.org/) provides education programs for the general population and also targeted to PLWHA and people co-infected with HIV and HCV, and Hepatitis Foundation International (http://www.hepfi.org/) provides peer counseling and doctor referrals to those diagnosed with HCV, along with public education. Largely unknown is the effect of these intervention efforts on HCV awareness and knowledge. To our knowledge, no empirical evaluation of such efforts has been published. Data are also lacking on long-term outcomes of screening for HCV in otherwise healthy asymptomatic adults [21] , despite recommendations to use screeners to identify patients at highrisk for HCV and offer them HCV education [22] .
Research has shown that accurate HCV knowledge is lacking among groups that are at high risk for HCV. For example, in a sample of methadone maintenance patients, only 50% knew the correct risk factors for HCV [23] and only 34% knew that HCV can be treated [24] . In a study of syringe exchange participants, 50% did not know that HCV is spread through shared, un-sterilized injection equipment [25] , and participants gave more accurate answers to HIV than HCV questions [26] . Based on these studies, education on HCV transmission routes and protection behaviors for persons at risk for HCV is needed. Persons at risk for HCV also need to know that HCV treatment is available, to give them a reason to get tested. This paper describes the first HCV knowledge intervention study of which we are aware. Specifically, our intervention sought to increase understanding of HCV, knowledge of one's HCV status, and patient-provider communication about HCV. A particularly promising approach to address public health problems is a multi-level intervention design based on the Socioecological Framework (SEF) [27] . Intervening at multiple levels may be particularly important for people with HIV who are at risk for HCV, because they intersect with multiple arms of the health care system.
The SEF describes five levels that influence health: (1) the Intrapersonal level, which consists of an individual's beliefs and characteristics; (2) the Interpersonal level, which consists of relationships between the individual and key persons and small social networks, such as one's spouse, family, and close friends; (3) the Community level, which consists of shared identities, experiences, and resources for health; (4) the Institutional level, which consists of rules, regulations, policies, and ethos that may promote or endanger health; and (5) the Policy level, which consists of policies, environments, and structures that impact health. The SEF proposes that individual behavior and social influences are inter-related [28] , and that each level of the SEF is capable of impacting other SEF levels. Patients with HIV only or HIV-HCV co-infection experience their illnesses in the context of family and other relationships, as well as community structures such as infectious disease (ID) clinics, liver clinics, substance use treatment centers, and health departments. Accordingly, the SEF is particularly useful for tailoring a community-based intervention to a particular socio-cultural context for people with HIV and HCV, in addition to allowing for inclusion of individual-level interventions. Thus, the SEF guided our intervention design and provided a holistic framework.
Our multi-level intervention was designed to be community-wide, broadly affecting all individuals with HIV in a six-county geographic area. By targeting a community rather than individuals, we were challenged to find an appropriate evaluation design. We rejected a randomized controlled trial design because the multi-level nature of the intervention did not allow us to randomize individuals within the study, and yet we did not have the resources to intervene with enough communities to randomize communities. We rejected a case-control design using a comparison community because our previous HIV research in the area has taught us that there are substantial differences between HIV populations in neighboring communities. We therefore selected an Interrupted Time Series (ITS) design in which we sampled community-level prevalence rates at regular intervals before introducing the intervention, and then continued data collection throughout the intervention period. By being able to compare trends before and after the start of the intervention rather than simply comparing pre versus post averages, this design eliminates many threats to internal validity. For example, the presence of a pre-existing trend can erroneously lead to the conclusion that an intervention was effective if only pre and post means are compared. In a time series design, pre-existing trends can be included in the model, and thus intervention effects exceeding pre-existing trends can be tested.
Another advantage of the ITS design is that it can address threats to validity that occur when other initiatives within the same community are put into effect during a similar timeframe as the intervention. If such other initiatives exist, comparisons of pre and post means cannot disentangle the effects of the intervention from those of other community influences. A time series design, however, can test the presence of effects starting at different times. Overall, the ITS design is considered to be a very strong quasi-experimental design, with the primary threat to causality being the unplanned introduction of an intervention occurring at exactly the same time as that of the study intervention [29] . Researchers have lamented how rarely the ITS design is used in community research and have called for its increased use [30] .
In sum, despite high rates of HIV/HCV co-infection and the fact that HCV is a leading cause of death among persons with HIV, to our knowledge, no hepatitis C interventions for persons with HIV have been designed and evaluated. In this intervention research study, we designed and tested such an intervention, using an evaluation design that is under-utilized. Our research questions were, what impact, if any, did the intervention have on: (1) what HIVpositive patients know about hepatitis C; (2) HIV-positive patients knowing their hepatitis C status; and (3) HIV medical providers talking to HIV-positive patients about hepatitis C.
Methods

Intervention
Our intervention was composed of components at four SEF levels. The primary target of our intervention was people with HIV who were either already co-infected with HCV or were at risk for HCV. To reach them, we also intervened with medical and social service providers who interact with people in those groups, but with the ultimate aim of reaching people with HIV and HCV, or at risk for HCV.
Intrapersonal
We provided case management to nearly 200 patients coinfected with HIV/HCV, starting in July 2005 and continuing through the end of data collection in February 2007. In addition, from September 2005 through the data collection period, mental health and substance abuse counseling were provided based on need to 80 patients with HIV and either co-infected with HCV or at risk for HCV. Such counseling is important to help people qualify for HCV antiviral therapy, because therapy recommendations include mental health stability and alcohol and substance use abstinence. While substance use abstinence is the ideal, the integrated HIV-substance abuse treatment [31] used by our therapists incorporated harm reduction strategies, including reduced and clean needle use.
Interpersonal
We conducted monthly support groups for co-infected persons at two sites. These groups were regularly attended by eight participants per month. One group began in April 2005 and the other 1 month later, with sparse initial attendance building to full group size by September 2005. The two groups continued throughout the data collection period.
Community
Community education was provided through health classes to the general public and to over 800 PLWHA and other people at risk for HCV through a variety of venues. For example, monthly health classes were provided to people in the local county jail from February 2005 throughout the data collection period. Starting in July 2005, HIV peer health educators were regularly trained. Starting in September 2005, health classes were repeatedly offered at several homeless shelters and substance use transition homes. We also launched in September 2005 a website and a public media campaign to impart information on HCV testing, transmission, and treatment.
Institutional
We changed the HIV clinic system through using Information Technology to create a face sheet that was placed in the front of patient charts. This face sheet reported whether or not a patient had been tested for HCV, the test date and results, and whether or not the patient had been vaccinated for hepatitis A and B (these infections can be more severe in the patient with pre-existing HCV). The face sheets were phased in as data entry occurred between August 2005 and February 2006. Through provider interviews, we learned that medical providers routinely used the face sheets. In addition, we sought to enhance clinic and organizational knowledge about HCV through educating HIV medical and non-medical providers. Because universal HCV testing was not in place, we held two testing event contests in the academic medical center IDs clinic to encourage medical providers to test for HCV. Clinical education, which began in July 2005 and continued throughout the data collection period, was provided to 60 medical care providers to extend their knowledge on HIV-HCV co-infection patient care, HCV treatment, and the benefits of HCV testing. Information on HCV testing, transmission, and treatment was provided to over 190 non-medical providers (case managers, social workers, health educators) working in the field of HIV to increase their awareness of HCV and provide knowledge and tools to talk with their clients about it. We also changed institutional policy by providing staff for HCV testing at the Durham County Health Department.
Study Population
In the six-county intervention area, HIV-positive individuals primarily seek health care at two HIV clinics. To assess the impact of our intervention on the broader HIVpositive population, we chose to interview patients at these two clinics; however, 100% of the patients interviewed at the federally qualified community health center were also seen at the academic medical center. Consequently, this paper focuses on the interviews conducted at the academic medical center, which served approximately 1,550 HIVpositive patients in the first year of data collection (2005).
Although not all individuals with HIV access HIV medical care, collecting data through HIV medical clinics was determined to be the most efficient way of reaching large numbers of individuals with HIV. The inclusion criteria to be offered participation in the interview were: HIV-positive; age 18 or older; English-speaking; and receiving treatment at one of two ID clinics.
Research Design
As noted above, we used an ITS design. Because the primary threat to validity was simultaneous introduction of another HIV-HCV intervention, we had regular contact with the State HCV Coordinator and the directors of both clinics throughout our intervention period. No other HIV-HCV interventions were introduced. Since the pre-intervention phase was shorter than the intervention phase, an effort was made to reach a comparable number of patients during this shorter interval to enable tests for changes in the study population. Consequently, interviews occurred 2 days during every biweekly interval prior to the start of the intervention, and 1 day during every biweekly interval thereafter. All patients meeting study criteria with a scheduled ID clinic appointment that day were approached, and after completing a consent procedure, were enrolled in the study (n = 259). The participant response rate averaged 45.3% of patients meeting study criteria per day (range 27.1-62.9% per day). Questionnaire-based interviews were conducted by trained research staff, and averaged 20 min with $10 compensation. In line with our focus on the community-level impact of the intervention, patients could complete interviews multiple times if they met study criteria on multiple interview days, though most participants (n = 175, 67.6%) were interviewed only once. In rare instances (n = 2) patients were interviewed more than once during a single biweekly interval, but only a single response per patient was included in each biweekly clinic score.
The study period included a total of 54 biweekly intervals, 15 before and 40 after the start of the intervention. Data were collected during 38 (70.4%) biweekly intervals, during 8 (53.3%) of the pre-and 30 (75.0%) of the postintervention intervals. These differences were not statistically significant (v 2 (1) = 2.4, P = 0.12).
Participants
A total of n = 259 patients participated in this study. Patients were on average 43.1 (SD = 8.8) years old, had known about their HIV status for 9.3 (SD = 6.4) years, and were predominantly male (68.3%), and mostly African American (58.3%) or White (30.9%). Eight (3.1%) participants reported being Hispanic. Most participants had completed high school or received their GED (76.1%), and some had received a college degree or higher (23.9%). About 42.1% of the participants reported being employed.
Measures
Patient Characteristics
Participants were asked their race, number of years of education, and gender. They were also asked about how long they had known about their HIV status, HCV risk behaviors, and sexual behaviors.
HCV Knowledge
HCV knowledge was measured using 11 items developed with a hepatologist and our clinical and community trainers, and pilot-tested with five persons with HIV. A full list of items are reported in Proeschold-Bell et al. [32] . These items fall into the areas of general knowledge (''A person can have both HIV and hepatitis C at the same time''), treatment (''Some people have been cured of hepatitis C'', ''Many people with both HIV and HCV have benefited from treatment for hepatitis C''), and transmission (''Hepatitis C is passed through blood''; ''Practicing safer injection techniques is one way to keep from getting hepatitis C''). Participants could respond 'true,' 'false,' or 'don't know.' Responses were coded as correct or incorrect, with 'don't know' responses coded as 'incorrect.' Community and clinical trainings included content aligned with these 11 items. For example, trainers used the term ''cure'' to align with that specific HCV treatment item.
Knowledge of One's HCV Status
Participants were asked, ''Have you ever been tested for hepatitis C?'' and if so, ''Did the test show that you have hepatitis C?'' Response options included ''yes,'' ''no,'' and ''don't know.''
Receipt of Education on HCV from Providers
Participants were asked, ''Has your doctor or other medical provider (nurses, nurse practitioners, physician's assistants) talked with you about hepatitis C?'' Analytic Strategy
For all outcome variables, weighted regression analyses were conducted, where biweekly averages were the dependent variable, which were weighted by the number of patients who were interviewed during that bi-weekly interval. Dummy-coded variables were used as predictors to model five plausible alternative trends: no changes (i.e., intercept-only model), a pre-existing trend (i.e., linearly increasing dummy code), immediate change (i.e., 0-1 dummy-code for pre and post, respectively), gradual change (i.e., testing for slope and mean differences at the same time), and delayed change (i.e., 0-1 dummy-code dichotomizing 3-months after the start of the intervention versus before). For each outcome, the model with the best fit (i.e., lowest AIC value) was retained. The delay interval was chosen based on how often patients are scheduled for appointments, such that educating a provider might not take effect until the following appointment. At the clinic, patients are routinely scheduled for appointments every 3 months. All analyses were conducted in SAS 9.2. The Durbin-Watson statistic was used to test for the presence of autocorrelations, but was not found to be statistically significant for any of the outcomes, and thus autocorrelations were not modeled. For the primary outcome, performance on the HCV knowledge questionnaire, regular weighted regression could be used, which were performed using the MIXED procedure. The secondary outcomes, HCV awareness, HCV education from medical providers, HCV testing, and knowing status of HCV test, were binary, and their biweekly prevalence had an upper bound at 1. Thus, Tobit models [33] , also known as censored regressions, were used for these outcomes, using the QLIM procedure. For all analyses, maximum likelihood estimation was used, which performs very well under missing-atrandom data conditions [34] . Patient characteristics were tested as potential covariates systematically. First, each patient characteristic was tested univariately on the patient level to see if it predicted any of the outcomes, using linear regression for the primary outcome and logistic regression for the four secondary outcomes. Second, if it was statistically significant, a biweekly prevalence level of that characteristic was calculated to be considered for inclusion in the clinic-level biweekly regressions in a stepwise fashion. Only statistically significant covariates were retained in the final models.
Results
A total of 431 interviews were conducted, 201 before and 230 after the start of the intervention. On average, 11.3 (SD = 9.6) patient interviews were conducted per interval.
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The number of interviews conducted per interval varied from 4 to 42, where more interviews per interval were intentionally conducted prior to the start of the intervention (M = 25.1, SD = 11.5) than afterwards (M = 7.7, SD = 4.4) to compensate for the shorter pre-intervention assessment phase, with t(7.6) = 4.2, P \ 0.01 using the Satterthwaite approach for unequal variances. Recruitment methods were identical across interviews; recruitment simply occurred on more days per time period prior to the intervention start.
Only 56 (21.6%) participants were interviewed both before and after the start of the intervention. The remaining patients were interviewed either before or after the start of the intervention. To test for differences in the group composition of the study population, v 2 and t-tests were conducted and are summarized in Table 1 . Patients interviewed prior to the start of the intervention did not differ on any of the characteristics with the exception of race, where more American Indian/Alaskan Native patients were interviewed before the start of the intervention than afterwards.
Primary Outcome: HCV Knowledge
The results of the weighted regression analyses for the average HCV knowledge per biweekly interval are summarized in Table 2 . The best-fitting model was the 'gradual change' model, which tested for both slope and mean differences between the pre-intervention and the intervention phase. The predicted values of this model are displayed in Fig. 1 alongside the observed scores. While decreasing trends are visible in both phases, only the mean difference was statistically significant, where HCV knowledge was higher during the biweekly intervals following the start of the intervention.
Secondary Outcomes: Prevalence of HCV Awareness, HCV Education from Medical Providers, HCV Testing, Knowing Status of HCV Test
Model comparisons for the secondary outcomes proceeded in the same way as for the primary outcome. In the interest of space, Table 3 summarizes the parameter estimates of the best-fitting model per outcome only. For both ''HCV education from medical providers'' and ''knowing the status of one's HCV test'', the gradual change model provided the best model fit. The prevalence of patients having received HCV education from their medical providers was higher on average after the start of the intervention (b = 0.28). A slightly decreasing trend prior to the start of the intervention was observed (b = -0.01 per biweekly interval), which was reversed during the intervention (b = 0.01). For knowing one's HCV status, the average knowledge prevalence before and after the start of the intervention was not statistically significant. Like HCV education, however, an initially downward trend was reversed after the start of the intervention.
For HCV awareness, a significant delayed effect was observed; the prevalence of HCV awareness was on average statistically significantly higher 3 months after the start of the information than before (b = 0.09). Given the delay, however, we cannot attribute the change to the intervention with as much confidence as we could with an immediate effect. For getting tested for HCV, there was no significant intervention effect.
The prevalence of patients who had ever injected drugs was a statistically significant covariate for three out of the four secondary outcomes: HCV education, HCV testing and knowing one's HCV status, where IV drug use was positively associated with each outcome. The only other statistically significant covariate on the clinic-level was the prevalence of patients with past 30-day sex partners, which was positively associated with receiving HCV education from one's medical provider. For reference, 137 (53.1%) of the patients did not have a sex partner during the 30 days prior to their interview.
Discussion
This study implemented and evaluated a multi-level intervention to improve PLWHA's knowledge of HCV and encourage them to find out their HCV status. The intervention had multiple components across the intrapersonal, interpersonal, community, and institutional levels of the Socioecological Framework, which posits that desired outcomes are most likely to occur when targeted across multiple levels. Study results suggest that our primary outcome, accurate HCV knowledge among patients with HIV, was higher during the intervention phase than preintervention phase. Thus, our intervention successfully achieved our primary goal. Interestingly, accurate HCV knowledge was decreasing during both pre-intervention and intervention time periods, though at a much reduced rate during the intervention phase. It is hard to explain why accurate knowledge would decrease prior to the intervention, although it is possible that the act of garnering partners and initiating the study-even pre-intervention-led some providers to share HCV information with their patients early on, and then taper off until the intervention was launched. Post-intervention, it is plausible that patients who had attended a community health class later forgot new HCV learnings. It may be particularly difficult for PLWHA, who know so much about HIV, to retain knowledge about HCV transmission which is similar, but not identical, to that of HIV. Future studies may wish to develop brief review materials that can be posted in the clinic or the community, and also to encourage patients to attend refresher health classes. The deterioration we saw in HCV knowledge may also be related to the fact that we trained the clinic's HIV medical providers early in the study but did not offer additional, future trainings. Consequently, we did not reach any new HIV providers, including medical fellows who turnover frequently. Also, it may be that providers decreased their HCV efforts with the elapsing of time since their training. In the future, it may be wise to institute routine prompts, such as prompts in an electronic medical record system, for providers to discuss HCV with at risk patients. This is consistent with recommendations from the Centers for Disease Control and Prevention (CDC) HCV National Prevention Strategy for Health Professionals [35] .
The number of participants who reported ever having been tested for HCV evidenced a significant increase 3 months after implementation of the intervention. In addition, immediately following the start of the intervention, a previously downward trend in the prevalence of patients knowing their HCV test results was reversed, and the prevalence of patients talking with their medical providers about HCV was higher during the intervention phase. We hypothesized that the intervention would lead PLWHA to test for HCV or ask their providers about whether they had ever previously been tested for HCV, enabling them to know their HCV status. We also hypothesized that HIV medical providers would test for HCV more frequently. Based on patient report, the findings indicate an increase in HCV testing and, perhaps more importantly, knowledge of one's HCV status. Knowing one's HCV status allows people to seek treatment for HCV and to take steps to prevent transmitting HCV.
We also tested intermediate outcomes such as awareness of HCV and patient-provider discussion about HCV. Participant awareness of HCV was significantly higher Had new sex partner(s) 17 (6.6%) 4 (3.7%) 6 (6.3%) 0.7
Never used condoms 26 (10.0%) 9 (8.4%) 10 (10.4%) 0.2 Note: n = 56 (21.6%) were interviewed before and after the start of the intervention, and are excluded from pre-intervention and intervention comparisons; * P \ 0.05; M mean, SD standard deviation 3 months after implementation of the intervention. Because our intervention activities were spread out across the 17-month intervention period, it may be that a minimum threshold of intervention implementation had to be reached before awareness measurably increased. Admittedly, it is possible that the research interviews rather than the intervention raised HCV awareness; however, HCV awareness is a precursor to seeking HCV testing and accurate HCV knowledge, and so is important to demonstrate. Participants further reported more HCV discussions with their providers during the intervention phase. This finding lends validity to our primary outcome of more accurate HCV knowledge. Improvements in HCV knowledge may have occurred through our efforts to educate providers who, in turn, communicated with patients. Alternatively, more accurate HCV knowledge may have resulted directly through our community education efforts. Intervention effects were found for different outcomes at a variety of times (e.g., immediately after the stated intervention date, 3 months later) and in both abrupt and slope changes. This may be because our intervention began on the date we indicate as the intervention date, but continued over time. The trend in significant findings for multiple outcomes is likely more meaningful than when outcomes were found. We conclude that overall, the intervention met its goals and is worthy of replication. However, it should also be refined in an attempt to improve HCV knowledge and testing further, both of which evidenced room for improvement even during the intervention phase.
We examined a number of covariates, and notably, the intervention was equally effective across race, gender, age, education, employment status, and HIV status. The findings suggest that the intervention was appropriately targeted to participants with a history of injection drug use, who were significantly more likely to report having had an HCV discussion with a medical provider, getting tested for HCV, and knowing their HCV status. Although parenteral transmission through injection drug use more commonly leads to HCV transmission than sexual risk behaviors, rates of current injection drug use in our sample were extremely low. It is therefore unsurprising that our data also suggest that medical providers talked about HCV more often to participants with at least one sexual partner, because sexual risk behavior rather than injection drug use is more common in our population of PLWHA. However, it also appears that medical providers did not necessarily test participants with more sexual partners for HCV. This, too, may be appropriate, because studies indicate that risk for HCV is predicted by many sexual partners, such as more than 20 partners [4] , and not just one or two. Through provider interviews, we discovered several barriers to HCV testing and provider-patient discussions about HCV, despite the fact that guidelines for HIV management include testing for HCV [36] . In particular, many HIV providers indicated that they are more worried about chronic diseases such as diabetes and heart disease in their patients than they are about liver disease. In addition, like other researchers [37] , we found that some HIV providers were reluctant to test their patients for HCV, due to the belief that HIV management is more important than HCV management, or that the side effects for antiviral treatment of HCV are too onerous to put patients through. These side effects include fatigue, thyroid abnormalities, bone marrow suppression, and depression [9] . Because of these concerns, we held testing contests in the clinic to bring attention to HCV testing. It is notable that we found trends in HCV testing and patient knowledge despite the reluctance of some providers. We recommend addressing these concerns head-on in future interventions.
It should be noted that this intervention addressed some, but not all, of the principle components of the CDC's National HCV Prevention Strategy [35] . In particular, it attempted to educate health care professionals on HCV identification, management, and treatment, and to educate people at risk for HCV about risk factors and testing. The intervention also sought to educate community-based program staff on HCV prevention and to encourage them to identify people who need testing for HCV. The intervention did not address the National HCV Prevention Strategy's principle component of surveillance of disease trends, although we did, as recommended, engage in research evaluation of this particular intervention. In addition, HCV prevention initiatives, especially among PLWHA, should include harm reduction strategies in the form of needle and syringe exchange programs, as well as substance abuse treatment, including opioid substitution treatment [38, 39] . Although we offered substance abuse treatment, we did not offer these other harm reduction activities, in part because our particular population had low rates of injection drug use. However, these components are recommended alongside HCV awareness and testing initiatives to create combination approaches for optimal prevention of HCV infection [39] . A rather unique feature of this study is its use of the ITS design. Although researchers have called for ITS to be used in the evaluation of community-level interventions, such use of ITS is still relatively rare [30] . In this study, we devoted at least one full day to data collection every 2 weeks for 2 years, a process that was both time-intensive and required significant partnership with the clinics. The result, however, was a stronger research design that provides greater confidence in the causal intervention effects than a case-control design would have offered because it addresses several threats to validity. In this study, for example, we were able to test for any pre-existing trend and rule it out as a rival theory for the observed intervention effect. ITS designs are vulnerable to their own threats to validity, which we controlled for carefully in this study.
For example, we rigorously tested for changes in the study population through comparison of participants during the pre-intervention and intervention phases, with only one significant difference (race) resulting. We then conducted sensitivity analyses to ensure that our findings were not a mere byproduct of changes in the study population but rather an intervention effect. As such, this study illustrates how the ITS design can be used effectively in community research given real-life administrative constraints.
This study has several limitations. First, it is limited by its use of patient report rather than medical record abstraction for HCV testing. Also, the intervention itself was extensive and multi-level, requiring ample staff and time resources. Even so, it lacked needle and syringe exchange activities, which future researchers and interventionists would be wise to incorporate. We are unable to tease apart which aspects of the intervention were most impactful on outcomes, even though such information would be useful. In addition, we collected data only before and during intervention activities, such that we are not able to examine whether removal of the intervention led to any decay in outcomes. Finally, despite the strength that ITS offers for internal validity, the ITS design is often limited in its external validity. In this particular study, our conclusions are known only to be generalizable to patients at the ID clinic where the study occurred. This study's findings may be generalizable to other clinics and patients, based on the extent to which they are similar to ours. Our sample had a very low self-reported current injection drug use rate, had a mean age of 43, and had known their HIV status on average 9 years, all of which may be different from other clinic populations.
In conclusion, this is the only intervention study to promote HCV knowledge and testing among PLWHA of which we are aware. The high co-morbidity of HIV-HCV combined with the increasing liver-related mortality among PLWHA makes HCV prevention, testing, and treatment a priority for the over 1 million people in the US infected with HIV. Additional interventions paired with rigorous evaluation are needed.
